Nutritional supplements may improve development of infants born small (preterm or small for gestational age [SGA]) but may increase the risk of later metabolic disease. We conducted a systematic review and meta-analysis to assess the effects of macronutrient supplements for infants born small on later development and metabolism.
Methods and findings
We searched OvidMedline, Embase, Cochrane CENTRAL, and Cochrane Database of Systematic Reviews from inception to April 1, 2019, and controlled-trials.com, clinicaltrials.gov, and anzctr.org.au. Randomised or quasirandomised trials were included if the intention was to increase macronutrient intake to improve growth or development of infants born small and assessed post-discharge outcomes. Co-primary outcomes were cognitive impairment and metabolic risk, evaluated in toddlers (<3 years), childhood (3 to 8 years), and adolescence (9 to 18 years). Two reviewers independently extracted data. Quality was assessed using the Cochrane Risk of Bias tool, and data were pooled using random-effect models.
Twenty-one randomised and one quasirandomised trial of variable methodological quality involving 3,680 infants were included. In toddlers born small, supplementation did not alter cognitive impairment (relative risk [RR] 1.00; 95% confidence interval [CI] 0.67 to 1.49; P = 0.99), and there were no differences in cognitive scores (mean difference [MD] 0.57; 95% CI −0.71 to 1.84; P = 0.38) or motor scores (MD 1.16; 95% CI −0.32 to 2.65; P = 0.12) between supplemented and unsupplemented groups. However, fewer supplemented children had motor impairment (RR 0.76; 95% CI 0.62 to 0.94; P = 0.01). In subgroup analyses, supplementation improved cognitive scores in boys (MD 5.60; 95% CI 1.07 to 10.14; P = 0.02), but not girls born small (MD −2.04; 95% CI −7.04 to 2.95; P = 0.42), and did not alter cognitive or motor scores in the subgroup of children born SGA. In childhood, there was no PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002952 October 30, 2019 1 / 24 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 difference in cognitive impairment (RR 0.81; 95% CI 0.26 to 2.57; P = 0.72) or cognitive scores (MD 1.02; 95% CI −1.91 to 3.95; P = 0.50) between supplemented and unsupplemented groups. There were also no differences in blood pressure, triglyceride, and low-density lipoprotein (LDL) concentrations (all P > 0.05). However, supplemented children had lower fasting glucose (mmol/L: MD −0.20; 95% CI −0.34 to −0.06; P = 0.005) and higher high-density lipoprotein (HDL) concentrations (mmol/L: MD 0.11; 95% CI 0.02 to 0.19; P = 0.02). In subgroup analyses, there was no evidence of differences in blood pressure between supplemented and unsupplemented groups in boys or girls born small, or in SGA children. In adolescence, there was no difference between supplemented and unsupplemented groups in blood pressure, triglycerides, LDL and HDL concentrations, fasting blood glucose, insulin resistance, and fasting insulin concentrations (all P > 0.05). Limitations include considerable unexplained heterogeneity, low to very low quality of the evidence, and limited data beyond early childhood.
Conclusions
In this systematic review and meta-analysis of randomised trials, we found no evidence that early macronutrient supplementation for infants born small altered later cognitive function, although there was some evidence that supplementation may decrease motor impairment in toddlers. Contrary to the findings from observational studies, evidence from randomised trials suggests that early macronutrient supplementation for infants born small improves some metabolic outcomes in childhood.
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Author summary
Why was this study done?
• Preterm and small-for-gestational-age (SGA) infants are at increased risk of poor growth, delayed development, and disability.
• Nutritional supplements are often given to these infants to improve growth and development, but observational studies suggest that this may lead to later increased risk of metabolic disease.
• The balance of these potential later benefits and risks is not known, and it is possible that they may be different in girls and boys.
What did the researchers do and find?
• We undertook a systematic review and meta-analysis of 21 randomised clinical trials and 1 quasirandomised trial of nutritional supplements involving 3,680 infants born preterm or SGA. are able to use this information and the provided contact address (researchhub@auckland.ac.nz) to request a de-identified dataset through the Data Access Committee of the Liggins Institute. Data will be shared with researchers who provide a methodologically sound proposal and have appropriate ethical approval, where necessary, to achieve the research aims in the approved proposal. Data requestors are required to sign a Data Access Agreement that includes a commitment to using the data only for the specified proposal, not to attempt to identify any individual participant, a commitment to secure storage and use of the data, and to destroy or return the data after completion of the project. The Liggins Institute reserves the right to charge a fee to cover the costs of making data available, if needed, for data requests that require additional work to prepare.
• We found that early supplements given to infants born small did not alter overall cognitive function, but in toddlers, early supplements decreased motor impairment and improved cognitive scores in boys.
Introduction
Infants born preterm or small for gestational age (SGA) are at increased risk of poor growth, developmental delay, and disability [1] [2] [3] [4] . As adults, they are at increased risk of obesity, diabetes, and cardiovascular disease [5] . Providing preterm and SGA infants with higher protein and energy intake during the first few weeks after birth has been associated with improved short-term growth and better developmental outcomes from infancy to adolescence [6] [7] [8] [9] [10] [11] [12] . However, observational data suggest that there may be important tradeoffs between early cognitive development and later metabolic diseases in preterm infants [13] . Rapid body mass index (BMI) gain and linear growth are associated with better cognitive development but at the expense of increased risk for adiposity and metabolic and cardiovascular disease in adulthood [14, 15] . There is also limited evidence that these effects may differ in girls and boys [16] . Three previous systematic reviews have compared the effect of supplemented versus unsupplemented formula started after hospital discharge, fortified versus unfortified breastmilk started in hospital or after hospital discharge [11, 17, 18] . None of these reviews reported developmental outcomes after 18 months of age, and none reported long-term metabolic outcomes or assessed potential sex-specific effects.
We therefore undertook a systematic review and meta-analysis to assess the published data from randomised trials on the effects of early macronutrient supplements fed to preterm and SGA infants on developmental and metabolic outcomes after hospital discharge, and also whether these effects differed in girls and boys.
Methods
We used Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and registered this review prospectively in PROSPERO (registration number CRD42019127858).
Search strategy and selection criteria
We searched OvidMedline, Embase, Cochrane Library Central Registry of Controlled Trials, and Cochrane Database of Systematic Reviews from inception to April 1, 2019. We searched for eligible ongoing trials in Current Controlled Trials (www.controlled-trials. com), Clinical Trials (www.clinicaltrials.gov), and the Australian and New Zealand Clinical Trials Registry (www.anzctr.org.au). Conference abstracts were included if they provided usable data.
Inclusion criteria were as follows: (1) randomised controlled trials (RCTs) and quasi-RCTs without restrictions on date of publication or language; (2) infants born preterm (<37 weeks' gestation) or small (birth weight <2.5 kg or <10th centile); (3) the intervention was intended to increase intake of one or more macronutrients (protein, carbohydrate, fat, energy, or protein to energy ratio) with the primary aim of improving growth or development (interventions could be enteral, parenteral, or both; commence any time during initial hospitalisation after birth or after discharge; and must have been provided for �1 week); and (4) reported any of the prespecified outcomes (S1 Appendix) assessed after term equivalent age (>37 weeks' gestation) or after discharge from hospital after birth.
Studies that reported comparisons between unsupplemented and supplemented nutrition with parenteral supplements, human breast milk supplements, formula milk, or other macronutrients were eligible for inclusion. We excluded trials comparing the timing of the introduction of nutrition (early versus delayed feeding); macronutrients of different composition (e.g., different types of lipids or proteins); variations in intakes of micronutrients (including sodium, potassium, calcium, phosphorous, vitamins, other minerals, amino acids, fatty acids); or focussed on gastrointestinal development.
Co-primary outcomes were cognitive impairment (below −1 standard deviation [SD] on standard tests of cognitive development [toddlers] or cognition/intelligence quotient [later ages] or as defined by trialist) and any metabolic risk (any of the following defined by trialists: overweight/obese, increased waist circumference, increased fat mass or fat mass percentage, elevated plasma triglyceride concentrations, low high-density lipoprotein [HDL] concentrations, elevated low-density lipoprotein [LDL] concentrations, elevated fasting plasma glucose concentrations, insulin resistance, impaired glucose tolerance, diagnosis of type 2 diabetes, high blood pressure, impaired flow-mediated vasodilatation) (full list of outcomes in S1 Appendix). The outcomes were evaluated in toddlers (<3 years), childhood (3 to 8 years), and adolescence (9 to 18 years).
Data collection and analysis
Two reviewers (LL and EA) independently screened titles and abstracts of all records identified, assessed potentially eligible full-text articles for inclusion, extracted data into a template data extraction form, and assessed the risk of bias for included studies using Cochrane criteria [19] . Discrepancies were resolved by discussion or with a third author (JH).
We assessed risk of bias for each key outcome using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) [20] approach and created a "Summary of findings" table using the GradePro Guideline Development Tool (GDT; https://gradepro. org/). If a trial reported the same outcomes measured at different time points in childhood or beyond (>3 years), we chose the age group with the most data for assessment of the quality of evidence. We assessed quality of evidence for developmental outcomes for the following: composite of survival free of disability, cerebral palsy in toddlers, cognitive impairment in toddlers, cognitive scores in toddlers, motor impairment in toddlers, motor development scores in toddlers, and school performance. We assessed quality of evidence for metabolic outcomes for the following: overweight/obesity, triglyceride concentrations, HDL concentrations, LDL concentrations, systolic blood pressure (SBP), elevated fasting plasma glucose concentrations, and insulin resistance (all at >3 years).
Statistical analysis
We undertook meta-analyses using RevMan 5.3 [21] using random-effects models and calculated relative risks (RRs) and mean differences (MDs) with 95% confidence intervals [CIs]. P < 0.05 denoted statistical significance for all models, and this critical value was not split for each of the co-primary outcomes. We calculated I 2 and χ 2 tests to determine statistical heterogeneity, with I 2 > 50% and P < 0.10 considered significant heterogeneity. We assessed potential bias due to small study effects by visual inspection of funnel plots when there were more than 10 trials. We planned to conduct sensitivity analyses for GRADE outcomes by examining only trials considered to have low risk of selection and detection bias. We conducted subgroup analyses to explore whether the effects of supplements differed with sex, SGA, or timing of supplementation and tested for interactions for GRADE outcomes. No unplanned analyses were performed.
Results
After de-duplication, 7,288 records were identified. After title and abstract screening, we completed full-text screening for 271 records. We excluded 193 records that did not meet our inclusion criteria. We included the remaining 21 RCTs and 1 quasi-RCT with 3,680 infants in the qualitative analysis and 19 RCTs with 3,172 infants in the quantitative analysis ( Fig 1) . The included infants were born between 1963 and 2017. One study included term SGA infants [22] , and the remaining 21 studies included preterm infants. Supplements were given in hospital in 10 studies [6, 16, [23] [24] [25] [26] [27] [28] [29] [30] , post discharge in 10 studies [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , and both in hospital and post discharge in 2 studies [22, 41] (Table 1 ).
Risk of bias in included studies
Included studies were of variable methodological quality (S1A and S1B Fig) , with 70% having a high risk of attribution bias due to loss to follow-up and 25% at high risk of performance bias because of lack of blinding [6, 16, 28, 30, 34] . The high risk of other bias in several studies was because of imbalance of baseline characteristics [22, 24, 34, 36] and different baseline characteristics in each publication [33] . Nearly 30% were at unclear risk of other bias, particularly those supported by formula or fortifier companies where the role of the funders was not clear [6, 16, 22, 27, 28, 32, 33, 37] . One study [25] was at high risk of selection bias because the infants were randomised according to the last digit of the infants' hospital number.
Co-primary outcome: Cognitive impairment and metabolic risk
There was no difference between supplemented and unsupplemented groups in cognitive impairment in toddlers (5 trials [16, 27, 29, 34, 36] ; 719 children; RR 1.00; 95% CI 0.67-1.49; P = 0.99; Fig 2A) or in childhood (2 trials [16, 27] ; 370 children; RR 0.81; 95% CI 0.26-2.57; P = 0.72; Fig 2A) . One trial [40] reported the incidence of obesity, high blood pressure, and type 2 diabetes in childhood, but it was not possible to extract data about the number of individual children who experienced any of these outcomes.
Secondary developmental outcomes
There was no difference between supplemented and unsupplemented groups in cognitive scores in toddlers (15 trials [6,16,22-24,26,28-30,33,34,36-39] ; 2,241 children; MD 0.57; 95% CI −0.71 to 1.84; P = 0.38; Fig 2B) or in childhood (2 trials [16, 32] ; 398 children; MD 1.02; 95% CI −1.91 to 3.95; P = 0.50; Fig 2B) . Sensitivity analysis including only studies at low risk of bias did not alter the findings of cognitive scores in toddlers (6 trials [16, 22, 26, [28] [29] [30] Toddlers in the supplemented group had a lower risk of motor impairment than the unsupplemented group (5 trials [16, 29, 34, 36, 41] ; 515 children; RR 0.76; 95% CI 0.62 to 0.94; P = 0.01; Fig 2C) . There was no difference between supplemented and unsupplemented groups in motor scores in toddlers (15 trials [6, 16, [22] [23] [24] 26, [28] [29] [30] 33, 34, [36] [37] [38] [39] ; 2,241 children; MD 1.16; 95% CI −0.32 to 2.65; P = 0.12; Fig 2D) or in childhood (1 trial [32] ; 52 children; MD −1.00; 95% CI −3.03 to 1.03; P = 0.33; Fig 2D) . Sensitivity analysis including only studies at low risk of bias did not alter the findings of motor scores in toddlers (6 trials [16, 22, 26, [28] [29] [30] There was no clear difference in the incidence of cerebral palsy in toddlers between supplemented and unsupplemented groups (5 trials [16, 23, 27, 28, 41] ; 1,341 children; RR 0.95; 95% CI 0.59 to 1.55; P = 0.85; Fig 2E) .
One trial [27] (234 children) reported visual and hearing impairment in toddlers. There was no difference between supplemented and unsupplemented groups in visual impairment (RR 1.02; 95% CI 0.06 to 16 
Secondary metabolic outcomes
One trial (150 children) [40] found no differences between supplemented and unsupplemented groups in childhood for type 2 diabetes (RR 2.25; 95% CI 0.45-11.22; P = 0.32), obesity (RR 0.75; 95% CI 0.34-1.63; P = 0.47), and high blood pressure (RR 2.47; 95% CI 0.82-7.41; P = 0.11; Fig 3A) .
There were no differences between supplemented and unsupplemented groups in triglyceride concentrations in childhood (2 trials [32, 40] ; 189 children; MD −0.11 mmol/L; 95% CI −0.57 to 0.35 mmol/L; P = 0.65; Fig 3B) or in adolescence (2 trials [16, 28] ; 202 children; MD 0.04 mmol/L; 95% CI −0.26 to 0.33 mmol/L; P = 0.81; Fig 3B) or at >3 years (4 trials [16, 28, 32, 40] ; 391 children; MD −0.04 mmol/L; 95% CI −0.31 to 0.24 mmol/L; P = 0.79; Fig  3B) .
In childhood, supplemented children had higher HDL concentrations than unsupplemented children (2 trials [32, 40] ; 189 children; MD 0.11 mmol/L; 95% CI 0.02-0.19 mmol/L; P = 0.02; Fig 3C) . In adolescence, there was no difference in HDL concentrations between supplemented and unsupplemented groups (2 trials [16, 28] ; 201 children; MD 0.05 mmol/L; 95% CI −0.04 to 0.15 mmol/L; P = 0.28; Fig 3C) . At >3 years, supplemented children had higher HDL concentrations than unsupplemented children (4 trials [16, 28, 32, 40] ; 391 children; MD 0.08 mmol/L; 95% CI 0.02-0.13 mmol/L; P = 0.005; Fig 3C) .
There was no difference between supplemented and unsupplemented groups in LDL concentrations in childhood (2 trials [32, 40] ; 189 children; MD −0.03 mmol/L; 95% CI −0.19 to 0.14 mmol/L; P = 0.75; Fig 3D) or in adolescence (2 trials [16, 28] ; 202 children; MD 0.06 mmol/L; 95% CI −0.24 to 0.35 mmol/L; P = 0.70; Fig 3D) or at >3 years (4 trials [16, 28, 32, 40] ; 391 children; MD 0.02 mmol/L; 95% CI −0.12 to 0.15 mmol/L; P = 0.80; Fig 3D) .
There was no difference between supplemented and unsupplemented groups for BMI in childhood (7 trials [16, 22, 28, 32, 40] In childhood, supplemented children had lower fasting blood glucose concentrations than unsupplemented children (2 trials [32, 40] ; 189 children; MD −0.20 mmol/L; 95% CI −0.34 to −0.06 mmol/L; P = 0.005; S5B Fig) . There was no clear difference between supplemented and unsupplemented groups in fasting blood glucose concentrations in adolescence (2 trials [16, 28] ; 216 children; MD −0.06 mmol/L; 95% CI −0.25 to 0.12 mmol/L; P = 0.49; S5B) or at >3 years (4 trials [16, 28, 32, 40] ; 405 children; MD −0.13 mmol/L, 95% CI −0.26 to 0.00 mmol/ L; P = 0.05; S5B Fig) .
There was no clear difference between supplemented and unsupplemented groups in fasting insulin concentrations in childhood (2 trials [32, 40] There were no differences between supplemented and unsupplemented groups for SBP in childhood (7 trials [16, 22, 28, 32, 40] ; 1,115 children; MD 0.50 mmHg; 95% CI −0.62 to 1.62 mmHg; P = 0.38; Fig 3E) or in adolescence (2 trials [16, 28] ; 216 children; MD 0.68 mmHg; 95% CI −3.43 to 4.79 mmHg; P = 0.75; Fig 3E) ; for diastolic blood pressure (DBP) in childhood (7 trials [16,22,28,32,40] 
Subgroup analyses
Sex. In toddlers, there was no significant sex interaction for cognitive impairment [27] . However, supplemented boys had higher cognitive scores than unsupplemented boys (MD 5.60; 95% CI 1.07-10.14; P = 0.02), but there were no differences in girls [16, 33] (P = 0.03 for interaction). There were no significant sex interactions for motor scores in toddlers [16, 33] or SBP in childhood [16, 28] (Table 2) .
SGA infants. In children born SGA, there were no clear differences between supplemented and unsupplemented groups in cognitive scores in toddlers [16, 22, 24, 28, 39] , motor scores in toddlers [16, 22, 24, 28, 39] , or SBP in childhood [16, 28] (Table 2) .
Timing of the supplement. There were no clear differences between supplemented and unsupplemented groups in cognitive impairment in toddlers, cognitive scores in toddlers, motor scores in toddlers, and SBP in the different timing subgroups, and there was no evidence of an interaction between timing and effects of supplements on cognitive impairment in toddlers [16, 27, 29, 34, 36] , motor impairment in toddlers [16, 29, 34, 36, 41] , cognitive scores in toddlers [6, 16, [22] [23] [24] 26, [28] [29] [30] 33, 34, [36] [37] [38] [39] , motor scores in toddlers [6, 16, [22] [23] [24] 26, [28] [29] [30] 33, 34, [36] [37] [38] [39] , and SBP in childhood [16, 22, 28, 32, 40] (Table 2 ). Toddlers who had received supplements had a lower risk of motor impairment than the unsupplemented groups (RR 0.75; 95% CI 0.61-0.93; P = 0.008) if they received the supplements in hospital, but not if they received supplements both in-hospital and post discharge, or only post discharge ( Table 2) .
Due to insufficient data, we were unable to undertake other preplanned subgroup analyses (S2 Appendix). Agosti 2003 [31] reported no difference in overall Griffiths Mental Development Status (GMDS) scores at 12 months between supplemented (mean score = 101) and unsupplemented groups (mean score = 102). In subgroup analyses, supplemented SGA children had better GMDS scores than unsupplemented at 6 months (mean scores 101 versus 95), but the differences did not persist at 9 and 12 months. Supplemented boys also had better GMDS scores than unsupplemented at 6 months (mean scores 102 versus 98) and 9 months (mean scores 106 versus 103) but not 12 months, whereas there was no difference in GMDS scores in supplemented and unsupplemented girls at each age.
Studies not included in quantitative synthesis
Cooper 1988 [25] reported no difference in the overall GMDS scores between supplemented and unsupplemented toddlers (MD 5; 95% CI −21.83 to 11.83; P = 0.56).
Friel 1993 [35] reported no difference in GMDS at 12 months between supplemented and unsupplemented groups (mean score 92 versus 90).
Quality of evidence (GRADE)
There were no data for the outcomes: composite of survival free of any disability, school performance, elevated fasting plasma glucose concentrations at >3 years, and insulin resistance at >3 years. The quality of the evidence was assessed as low or very low for all other development and metabolic outcomes (Table 3) . Uncertainty about methods used to generate a random sequence, conceal allocation or blind outcome assessors in some studies. b Baseline characteristics were not balanced in some studies. c CI includes both possible benefit and no benefits from supplementation. d Some of the studies were supported by formula or fortifier companies whose role was not specified. e One study was at high risk of selective reporting bias (infants with cerebral palsy were not included). f Relatively few studies with few participants. g Large losses to follow-up in childhood or beyond. h Substantial heterogeneity existed. � The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
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Discussion
We hypothesised that early macronutrient supplements of infants born small would benefit early cognition, but this may be at the cost of worse later metabolic outcomes. In our systematic review and meta-analysis of 21 RCTs and 1 quasi-RCT involving 3,680 infants, we found no evidence that early macronutrient supplementation led to significant changes in cognitive function in children born preterm or SGA. This finding from randomised trials is in contrast to previous observational studies [42, 43] that suggest a positive association between macronutrient intake and cognitive development in preterm infants. However, we found limited evidence that early macronutrient supplements decreased the risk of motor impairment in toddlers and, contrary to our hypothesis, improved some metabolic outcomes in childhood. Despite the large numbers of trials and infants included, the evidence is limited by the overall low methodological quality, substantial heterogeneity, and few measures of outcomes after 3 years of age.
Our findings that supplementation decreased the risk of motor impairment in toddlers but did not change motor scores appear contraditory. There are several possible reasons for this. Firstly, the mean scores may not reflect children whose scores fall below specified cut-off points, particularly if data are not normally distributed. Secondly, 15 trials with 2,241 toddlers reported motor scores, but only 5 trials with 515 toddlers reported motor impairment, and only 4 of these reported both motor scores and the incidence of motor impairment. In each of these 4 trials, the differences between supplemented and unsupplemented nutrition groups were in the same direction for both impairments and mean scores. However, the overall finding of decreased motor impairment was dominated by one trial [16] (weighted 64%, Fig 2C) , although in the analysis of motor scores, this trial was only weighted 8.3%. Furthermore, the finding of decreased motor impairment was limited by very low-quality evidence. Therefore, we would recommend reporting both scores and numbers of impaired children in future studies.
The effects of macronutrient supplements on developmental outcomes in childhood or later were unclear. Only 1 trial [27] reported cognitive impairment, 2 [32] reported cognitive scores, and 1 [32] reported motor scores in childhood; none reported differences between supplemented and unsupplemented children. This limited evidence suggests that although macronutrient supplements may improve early motor but not cognitive development, these effects may not persist in later life.
Contrary to our hypothesis, we did not find evidence of increased adverse cardiometabolic risk factors after early macronutrient supplementation; rather, we found that children in the supplemented groups had higher HDL concentrations in childhood. Others [44, 45] have reported an inverse association between HDL cholesterol concentrations in childhood and cardiometabolic risks in adulthood. However, mean HDL concentrations in both supplemented and unsupplemented groups in our systematic review were below the 10th percentile (2.2 mmol/L) [46] , suggesting that all included children are at increased risk of cardiometabolic disease but that those in the unsupplemented groups might be at greater risk.
We also found that supplemented children had lower fasting blood glucose concentrations than unsupplemented children. Childhood fasting blood glucose concentrations are inversely related to pre-diabetes and diabetes in adulthood, especially if the glucose concentration is above 4.7 mmol/L [47] . The mean fasting blood concentrations in studies included in this review were close to or above this threshold, again suggesting that both groups may be at increased risk of later diabetes but that the unsupplemented group might be at greater risk. We also did not detect differences in other metabolic risk factors or blood pressure between supplemented and unsupplemented groups in childhood or in adolescence. Thus, the evidence from this review of randomised trials suggests that, contrary to findings from observational studies [13, 44, 45] , early macronutrient supplementation of preterm and SGA infants does not have adverse effects on later metabolic outcomes.
Interpretation of these findings is limited by heterogeneity and the small number of trials reporting longer-term outcomes. Some of the heterogeneity may be due to the different types of interventions. For example, for the analysis of triglyceride concentrations in childhood, infants in one trial were fed formula [32] and in the other fed breast milk [40] as the main diet. Similarly, for the analysis of metabolic outcomes and blood pressure in adolescence, one trial compared preterm formula with banked breast milk as sole diet or supplement, while the other compared preterm formula with term formula [16] . Because breastfeeding itself has been associated with lower later blood pressure and risk of obesity [48] [49] [50] , this may contribute to the heterogeneity in these results, although the breastfeeding studies are also observational and potentially confounded by the social determinants of these health outcomes.
In the subgroup analyses, based on limited data, we found that in toddlers, supplemented compared with unsupplemented boys had no difference in the incidence of cognitive impairment, but had a 5.6-point advantage on cognitive scores (95% CI 1.07-10.14). However, there was no difference in cognitive scores between supplemented and unsupplemented girls. A sex-specific response to early nutrient supplements has also been reported in animal studies [51, 52] . However, few studies of nutritional supplements in infants born small have reported outcomes separately for boys and girls. A planned individual participant data (IPD) meta-analysis (PROSPERO CRD42017072683) may prove helpful to further explore possible sex differences in the effects of macronutrient supplements in human infants born small.
In the subgroup of infants born SGA, there appeared to be no effect of supplements on cognitive and motor scores in toddlers,or SBP in childhood. However, only 5 trials reported this subgroup separately, and there was substantial heterogeneity. In one trial [24] , the unsupplemented group was of higher birth weight and gestational age than the supplemented group, although heterogeneity was still substantial after exclusion of this trial.
In the subgroup analysis of different timing of supplements, there was again no difference in cognitive impairment, but toddlers in the supplemented group had better motor development only when the intervention was given in hospital. Furthermore, timing of supplements may have contributed to the substantial heterogeneity in the subgroup analyses of motor scores of boys and girls separately. Boys who received supplemented nutrition during initial hospitalisation had better motor scores than unsupplemented boys [16] , but those who received supplemented nutrition after hospital discharge did not [33] . The in-hospital period aligns with the third trimester of gestation, when there is extensive fetal brain development, and the brain accounts for 60% of total oxygen and caloric consumption. Adequate nutrients are therefore most likely to be important to support brain development during this critical period [53, 54] . These findings in one subgroup must be interpreted with caution but may suggest that providing preterm and SGA infants with supplemented nutrition during initial hospitalisation rather than later is more likely to benefit later developmental outcomes.
Three previous systematic reviews have compared the effect of supplemented versus unsupplemented formula started after hospital discharge, fortified versus unfortified breastmilk started in hospital or after hospital discharge [11, 17, 18] . Each identified a different single eligible trial reporting developmental outcomes [6, 37, 38] . All 3 trials reported no differences in cognitive and motor scores at 18 months, and none reported long-term metabolic or developmental outcomes after this age. Our study included all eligible trials regardless of type and timing of intervention and included all 3 of the previously reported trials plus another 19 trials, allowing more extensive analysis of some long-term outcomes.
There were some limitations to our study. The quality of evidence was low in many trials. Most were conducted more than 20 years ago, and the findings were not reported according to current guidelines. In particular, methodological details, including blinding of outcome assessment and the role of commercial sponsors, were unclear. Most trials were at high risk of attrition bias, which may introduce bias and loss of power [55] so that there can be limited confidence in the effect estimates. However, in the sensitivity analysis for cognitive and motor scores including only high-quality trials, the results were in the same direction, suggesting that this may not be major source of bias. There was a wide variety of interventions used, including different timing, type, duration, and routes of supplementation and substantial heterogeneity of findings. In addition, some studies reported multiple outcomes, and some research teams reported several different studies, which may result in a lack of independence that is not accounted for in our analyses. Furthermore, we analysed multiple outcomes, multiple time points, and a large number of subgroups, which increases the risk of type 1 error [56] , and the subgroup findings in particular should be interpreted with caution.
Although 22 trials have been undertaken involving >3,000 infants, data regarding the effects of early macronutrient supplements on long-term developmental and metabolic outcomes are limited. In addition to new trials, longer-term follow-up of previous trials would provide critical evidence about the effect of macronutrients on long-term developmental and metabolic outcomes of preterm and SGA infants.
Contrary to the findings from observational studies, current low-quality evidence from randomised trials suggests that early macronutrient supplementation of infants born small does not alter later cognition but may decrease motor impairment in toddlers and improve some metabolic outcomes in childhood. Crowther, Jane E. Harding.
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